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Introduction
============

Recently, ketogenic diet has gained significant popularity due to studies showing possible cardiovascular benefits \[[@REF1]\]. This diet is quite unorthodox compared to other diets as it includes food with a very low-carbohydrate and high-fat content that aims to drastically reduce carbohydrate intake and replace it with fat, hence inducing ketosis. A typical ketogenic diet usually includes coconut oil, butter, eggs, avocados, cheese, and meat. Ketogenic diet has been shown to be effective in treating cases of obesity, diabetes type 2 \[[@REF1]\], and metabolic syndrome \[[@REF2]\]. Occasionally, this diet is recommended for uncontrolled epilepsy due to the brain-protecting effect from ketosis, resulting in fewer seizure episodes \[[@REF3]\]. Previous studies reported a beneficial effect with a short-term ketogenic diet, as well as a long-term ketogenic diet for reducing body weight and body mass index in patients \[[@REF4]\]. Furthermore, it was also found that the diet decreases levels of triglycerides and blood glucose, and increases levels of high-density lipoprotein cholesterol (HDL-C) \[[@REF5]\].

Whereas carbohydrate restriction and ketosis induction improve dyslipidemia, the effects on total cholesterol and low-density lipoprotein cholesterol (LDL-C) are less predictable \[[@REF6]\]. Usually LDL-C and total cholesterol remain near baseline; however, an increase in LDL-C levels has also been reported in some patients \[[@REF7]\]. It has been postulated that this elevation in LDL-C would likely not increase cardiovascular complications due to its larger particle size \[[@REF8]\]. In this case report, we present a case of a rapid increase, followed by a rapid correction of LDL-C in a patient following a ketogenic diet.

Case presentation
=================

A 56-year-old Hispanic female with a past medical history of hypertension and fibromyalgia presented to the outpatient clinic for the evaluation of fatigue. She reported that she had been following a strict ketogenic diet along with daily regular exercise for approximately 30-40 days prior to this visit. Her diet consisted of low-carbohydrate vegetables, seafood, avocados, eggs, and coconut oil. The patient's physical examination was unremarkable. At the time of the visit, her BMI was calculated at 28 kg/m^2^, with a weight loss of approximately six to seven pounds since starting the ketogenic diet. Her fasting lipid profile showed a total cholesterol level of 283 mg/dl, LDL-C of 199 mg/dl, HDL-C of 59 mg/dl, and triglyceride level of 124 mg/dl. Her creatine phosphokinase (CPK) level was 94 U/l. She was instructed to stop the ketogenic diet and to incorporate a balanced diet, which includes a higher amount of carbohydrates and lower fat. She was also started on high-intensity atorvastatin. However, she reported experiencing myalgias soon after initiating atorvastatin; therefore, the medication was switched to rosuvastatin 10 mg at bedtime. During her follow-up appointment, she reported not having consistently taken rosuvastatin due to concerns of worsening myalgias. CPK levels were reordered and found to be unchanged. Furthermore, she denied prominent muscle pain, tenderness, or weakness during this follow-up appointment; hence, statin-induced myopathy was ruled out. Her lipid profile, after four weeks of ketogenic diet discontinuation and inconsistent use of statins, showed a significant improvement resulting in a total cholesterol level of 190 mg/dl and LDL-C of 106 mg/dl. Statin therapy was discontinued, and the patient maintained optimal LDL-C levels on subsequent testing.

Discussion
==========

This patient showed a rapid increase in LDL-C and total cholesterol after only 30-40 days of the ketogenic diet. The drastic elevation in her LDL-C could also be explained due to the rapid weight loss, as cholesterol in the adipose tissue is known to mobilize as the fat cells shrink \[[@REF9]\]. Interestingly, her BMI four weeks after the discontinuation of ketogenic diet did not change despite a marked improvement in her LDL-C. Therefore, we believe the acute onset and resolution of hyperlipidemia was secondary to the ketogenic diet itself. Unfortunately, she was unable to tolerate statin therapy due to myalgia. This was likely secondary to fibromyalgia, rather than statin-induced myopathy, as CPK levels were within normal limits.

The dietary cholesterol intake increases by \>100% when patients are switched to a standard ketogenic diet, which leads to increases in total cholesterol and LDL-C. Interestingly, in some studies, these two biomarkers were not significantly elevated after six weeks of the ketogenic diet \[[@REF5]\]. There are also changes in the LDL subfractions, which are thought to be beneficial for cardiovascular disease prevention. However, in some cases, the predominantly LDL subfractions are small, dense LDL particles, which are known to increase the risk of cardiovascular disease. Therefore, close routine monitoring of body weight, lipid panel including LDL subfractions, and glucose levels should be strongly considered in patients following a ketogenic diet. Furthermore, due to the significant variability of LDL-C levels and LDL subfraction predominance type, avoiding the ketogenic diet in patients with significant cardiovascular disease should be discussed with the patients. An alternative for these patients is a Mediterranean diet, which has been shown to decrease the risk of cardiovascular disease and improve dyslipidemia in different studies \[[@REF10]\].

Conclusions
===========

This study helps to better understand expectations when recommending a ketogenic diet to patients and its consequences. There is currently no statistically significant study that proves this elevation in LDL-C would not increase cardiovascular risks. Furthermore, the necessity for statin therapy in a ketogenic diet-induced hyperlipidemia remains unknown. It is also unknown if age and concomitant exercise while following a ketogenic diet play a role in the fluctuating lipid levels. Due to the unpredictable response of LDL-C levels to a ketogenic diet, close monitoring of patients with a high risk of cardiovascular disease should be considered. Further investigations on fluctuating lipid, BMI, CPK levels and cardiovascular risks are needed.
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